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Abstract 

The production of electrons from heavy-flavour hadron decays was measured as a function of trans¬ 
verse momentum (px) in minimum-bias p-Pb collisions at y^SNN = 5.02 TeV using the ALICE de¬ 
tector at the LHC. The measurement covers the px interval 0.5 < px < 12 GeV/c and the rapidity 
range —1.065 < jcms <0.135 in the centre-of-mass reference frame. The contribution of electrons 
from background sources was subtracted using an invariant mass approach. The nuclear modification 
factor /?ppb was calculated by comparing the px-differential invariant cross section in p-Pb collisions 
to a pp reference at the same centre-of-mass energy, which was obtained by interpolating measure¬ 
ments at ^/s = 2.76 TeV and ^ = 7 TeV. The /?ppb is consistent with unity within uncertainties of 
about 25%, which become larger for px below 1 GeV/c. The measurement shows that heavy-flavour 
production is consistent with binary scaling, so that a suppression in the high-px yield in Pb-Pb col¬ 
lisions has to be attributed to effects induced by the hot medium produced in the final state. The data 
in p-Pb collisions are described by recent model calculations that include cold nuclear matter effects. 
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1 Introduction 


The Quark-Gluon Plasma (QGP) illii, a colour-deconfined state of strongly-interacting matter, is 
predicted to exist at high temperature according to lattice Quantum Chr'omodynamics (QCD) calcula¬ 
tions ll^. These conditions can be reached in ultra-relativistic heavy-ion collisions |I3 -[iCT. Charm and 
beauty (heavy-flavour) quarks are mostly produced in initial hard scattering processes on a very short 
time scale, shorter than the formation time of the QGP medium in , and thus experience the full tem¬ 
poral and spatial evolution of the collision. While interacting with the QGP medium, heavy quarks 
lose energy via elastic and radiative processes fflU. Heavy-flavour hadrons are therefore well-suited 
probes to study the properties of the QGP The effect of energy loss on heavy-flavour production can be 
characterised via the nuclear modification factor (Raa) of heavy-flavour hadrons. The Raa is defined 
as the ratio of the heavy-flavour hadron yield in nucleus-nucleus (A-A) collisions to that in proton- 
proton (pp) collisions scaled by the average number of binary nucleon-nucleon collisions. The Raa is 
studied differentially as a function of transverse momentum (pt), rapidity (y) and collision centrality. It 
was measured at the Relativistic Heavy Ion Collider (RHIC) lllSUlSn and at the Large Hadron Collider 
(LHC) 11^22]. At RHIC, in central Au-Au collisions at = 200 GeV the Raa of charmed mesons 
and of electrons from heavy-flavour hadron decays shows that their production is strongly suppressed by 
a factor of about 5 for pt > 3 GeV/c at mid-rapidity. Lor the most central Pb-Pb collisions at .^^nn = 
2.76 TeV at the LHC, a suppression by a factor of 5-6 is observed for charmed mesons for pt > 5 GeV/c 
at mid-rapidity 12211 . 


The interpretation of the measurements in A-A collisions requires the study of heavy-flavour produc¬ 
tion in p-A collisions, which provides access to cold nuclear matter (CNM) effects. These effects are 
not related to the formation of a colour-deconfined medium, but are present in case of colliding nuclei 
(or proton-nucleus). An important CNM effect in the initial state is parton-density shadowing or satu¬ 
ration, which can be described using modified parton distribution functions (PDL) in the nucleus ll23n 
or us^ the Color Glass Condensate (CGC) effective theory 12411 . Lurther CNM effects include energy 
loss ll25n in the initial and final states and a Cronin-like enhancement ll26ll as a consequence of multiple 
scatterings |25, 27]. 


The influence of the CNM effects can be studied by measuring the nuclear modification factor RpA- Like 
the Raa, the RpA is defined such that it is unity if there are no nuclear effects. Lor minimum-bias p-A 
collisions, it can be expressed as 


RpA — — 


1 dapA/dpT 
A dapp/dpT 


( 1 ) 


where dapA/dpx and dapp/dpx are the px-differential production cross sections of a given particle 
species in p-A and pp collisions, respectively, and A is the number of nucleons in the nucleus. 

Cold nuclear matter effects were recently investigated at the RHIC and the LHC |2^^]. At RHIC, 
the nuclear modification factor of electrons from heavy-flavour hadron decays in central d-Au collisions 
(0-20%) at -y/i'NN = 200 GeV is larger than unity at mid-rapidity in the transverse momentum interval 
1.5 < px < 5 GeV/c 14211 . The corresponding measurement for muons from heavy-flavour hadron decays 
in central d-Au collisions shows a suppression at forward rapidity and an enhancement at backward 
rapidity 0. Theoretical models that include the modification of the PDL in the nucleus can neither 
explain the enhancement nor the large difference between forward and backward rapidity. Possible 
explanations include the Cronin-like enhancement 12611 due to radial flow of heavy mesons i45n . At 
the LHC, the px-differential nuclear modification factor RpPb of D mesons measured in p-Pb collisions 
at -^5 nn = 5.02 TeV 14411 is consistent with unity for px > 1 GeV/c and is described by theoretical 
calculations that include gluon saturation effects. Both at RHIC and at the LHC, the p/d-A measurements 
indicate that initial-state effects alone cannot explain the strong suppression seen at high-px in nucleus- 
nucleus collisions. 
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In this Letter, the pT-differential invariant cross section and the nuclear modification factor /?pPb of elec¬ 
trons from heavy-flavour hadron decays measured in minimum-bias p-Pb collisions at -^^nn = 5.02 TeV 
with ALICE at the LHC are presented. The measurement covers the rapidity range —1.065 < ycms < 
0.135 in the centre-of-mass system (cms) for electrons with transverse momentum 0.5 < pt < 12 GeV/c. 
This rapidity coverage results from the same rigidity of the p and Pb beams at the LHC, leading to a ra¬ 
pidity shift of IjnnI = 0.465 between the nucleon-nucleon cms and the laboratory reference frame, in 
the direction of the p beam. At low p^, the measurement probes the production of charm-hadron de¬ 
cays 14611 ■ providing sensitivity to the gluon PPL in the regime of Bjorken-v of the order of 10^^ 14711 . 
where a substantial shadowing effect is expected 


To obtain the nuclear modification factor /?pPb of electrons from heavy-flavour hadron decays, the pj- 
differential invariant cross section in p-Pb collisions at ^/^nn = 5.02 TeV was compared to a pp ref¬ 
erence multiplied by 208, the Pb mass number. The pp reference was obtained by interpolating the 
PT-differential cross section measurements at ^/s = 2.76 TeV and 7 TeV. 


The Letter is organised as follows. The experimental apparatus, data sample and event selection are 
described in Section [2] The electron reconstruction strategy and the pp reference spectrum are explained 
in Sections [3] and m respectively. The measured pT-differential invariant cross section, the nuclear mod¬ 
ification factor /?pPb of electrons from heavy-flavour hadron decays and comparison of /?pPb to model 
calculations are reported in Section [5] 


2 Experimental apparatus, data sample and event selection 


A detailed description of the ALICE apparatus can be found in 11491 15011. Electrons are reconstructed at 
mid-rapidity using the central barrel detectors (described below) located inside a solenoid magnet, which 
generates a magnetic field B = 0.5 T along the beam direction. 

The Inner Tracking System (ITS), the closest detector to the interaction point, includes six cylindrical 
layers of silicon detectors with three different technologies (pixel, drift and strip) at radii between 3.9 cm 
and 43 cm with a pseudorapidity coverage in the laborator y re ference frame in the full azimuth between 
Ifliabl < 2.0 at small radii and |t]iab| < 0.9 at large radii 11491. 15111. The two innermost layers form the 
Silicon Pixel Detector (SPD), which plays a key role in primary and secondary vertex reconstruction. At 
an incident angle perpendicular to the detector surfaces, the total material budget of the ITS corresponds 
on average to 7.7% of a radiation length 15IH . The main tracking device in the central barrel is the Time 
Projection Chamber (TPC) 115211 . which surrounds the ITS and covers a pseudorapidity range of |T]iab| < 
0.9 in the full azimuth. The track reconstruction proceeds inward from the outer radius of the TPC to 
the innermost layer of the ITS ll50ll . The TPC provides particle identification via the measurement of 
the specific energy loss dEIAx. The Time-Of-Llight array (TOP), based on Multi-gap Resistive Plate 
Chambers, covers the full azimuth and |T]iab| < 0.9 at a radial distance of 3.7 m from the interaction 
point 15311 . Using the particle time-of-flight measurement, electrons can be distinguished from hadrons 
for pt < 2.5 GeV/c. The collision time, used for the calculation of the time-of-flight to the TOP detector, 
is measured by an array of Cherenkov counters, the TO detector, located at -|-350 cm and —70 cm from 
the interaction point along the beam direction 15411 . The Electromagnetic Calorimeter (EMCal), situated 
behind the TOP, is a sampling calorimeter based on Shashlik technology 15511 . Its geometrical acceptance 
is 107° in azimuth and |t]iab| < 0.7. In this analysis, the azimuthal angle and rj coverage were limited to 
100° and 0.6, respectively, to ensure uniform detector performance. 

The minimum-bias (MB) p-Pb data sample used in this analysis was collected in 2013. The trigger con¬ 
dition required a coincidence of signals between the two VO scintillator hodoscopes, placed on either side 
of the interaction point at 2.8 < T]iab < 5.1 and —3.7 < T]iab < —1.7, synchronised with the passage of 
bunches from both beams 15411 . The background due to interactions of one of the two beams and residual 
particles in the beam vacuum tube was rejected in the offline event selection by correlating the time infor- 


3 


















Measurement of electrons from heavy-flavour hadron decays in p-Pb collisions ALICE Collaboration 


mation of the VO detectors with that from the two Zero Degree Calorimeters (ZDC) Js^l . that are located 
112.5 m away from the interaction point along the beam pipe, symmetrically on either side. The primary 
vertex was reconstructed with tracks in the ITS and the TPC ll50n . Events with a primary vertex located 
farther than zh 10 cm from the centre of the interaction region along the beam direction were rejected. 
About 10% of the events do not fulfil this selection criterion. A sample of 100 million events passed 
the offline event selection, corresponding to an integrated luminosity Lim = 47.8 ± 1.6 given the 
cross section = 2.09±0.07 b for the minimum-bias VO trigger condition The efficiency for 
the trigger condition and offline event selection is larger than 99% for non-single-diffractive (NSD) p- 
Pb collisions |57]. 


3 Analysis 


A combination of electron identification (elD) strategies with different detectors offers the largest pj 
reach for the measurement of electrons from heavy-flavour hadron decays. In particular, it ensures that 
the systematic uncertainties and the hadron contamination are small over the whole transverse momen¬ 
tum range. Throughout the paper, the term ‘electron’ is used for electrons and positrons. The capa¬ 
bility of the TPC to identify electrons via specific energy loss AE/Axm the detector was used over the 
whole momentum range 0.5 < px < 12 GeV/c. However, it is subject to ambiguous identification of 
hadrons (pions, kaons, protons and deuterons) below 2.5 GeV/c and above 6 GeV/c in transverse mo¬ 
mentum. At low transverse momentum (0.5 < px < 2.5 GeV/c), these ambiguities were resolved by 
measuring the time-of-flight of the particle from the interaction region to the TOP detector and combin¬ 
ing it with the momentum measurement, to determine the particle mass. In the high momentum region 
(6 < px < 12 GeV/c), the EMCal was used to reduce the hadron contamination. Electrons are separated 
from hadrons by calculating the ratio of the energy deposited {E) in the EMCal to the momentum (p). 
Since electrons deposit all of their energy in the EMCal, the ratio E/p is around unity for electrons, while 
the ratio for charged hadrons is much smaller on average. 


The selection criteria for charged-particle tracks are similar to those applied in previous analyses mea¬ 
suring the production of electrons from heavy-flavour hadron decays in pp collisions 1581. 15911. In order 
to have optimal elD performance with the TPC, the analysis was restricted to the pseudorapidity range 
Ifiiabl < 0.6 in the laboratory frame for electrons with transverse momentum 0.5 < px < 12 GeV/c. Up 
to a Px of 6 GeV/c, a signal in the innermost layer of the SPD was required in order to reduce the 
background from photon conversions. In addition, this selection was further constrained by requiring 
hits in both SPD layers, to reduce the number of incorrect matches between candidate tracks and hits 
reconstructed in the first layer of the SPD. At high px, where the EMCal was used, tracks with hits in 
either of the SPD layers were selected in order to minimise the effect of dead areas of the first SPD layer 


within the acceptance region of the EMCal, as in previous analyses 158 


The electron identification with TPC and TOP was based on the number of standard deviations 
or for the specific energy loss and time-of-flight measurements, respectively. The Ua variable is 
computed as a difference between the measured signal and the expected one for electrons divided by 
the energy loss (axpc) or time-of-flight (axop) resolution. The expected signal and resolution originate 
from parametrisations of the detector signal, which are described in detail in In the transverse 

momentum interval 0.5 < px < 2.5 GeV/c, particles were identified as electrons if they satisfied —0.5 < 
< 3, which yields an identification efficiency of 69%. In the transverse momentum interval 2.5 < 
Px < 6 GeV/c, a tighter selection criterion of 0 < < 3 was applied (with an elD efficiency of 50%) 

to reduce the hadron contamination at higher transverse momentum. To resolve the aforementioned 
ambiguities at low transverse momentum (px < 2.5 GeV/c), only tracks with < 3 were accepted. 
Pigure [T(a)] shows the measured AE/Ax in the TPC with respect to the expected AE/Ax for electrons 
normalised to the expected resolution axpc after the elD with TOP. The solid lines indicate the selection 
criteria used for the transverse momentum interval 0.5 < px < 2.5 GeV/c, indicating that the hadron 
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(a) (b) 

Fig.l : (a): Measured dE/dx in the TPC as function of momentum p expressed as a deviation from the expected en¬ 
ergy loss of electrons, normalised by the energy-loss resolution (cJtpc) after elD with TOR The solid lines indicate 
the selection criteria for the TPC and TOR elD strategy, (b): E/p distribution of electrons (— 1 < < 3) 

and hadrons < —3.5) in the transverse momentum interval 6 < px < 8 GeV/c. The E/p distribution of 
hadrons was normalised to that of electrons in the lower E/p range (0.4-0.6), where hadrons dominate. The solid 
lines indicate the applied electron selection criteria. 


contamination within the resulting electron candidate sample is small. In the high momentum region 
(6 < pt < 12 GeV/c), electrons were selected if they satisfied — 1 <nY^< 3 and 0.8 <E/p < 1.2 (see 

Fig.fTM- 


The hadron contamination in the electron candidate sample was determined by para metrising the TPC 
signal in momentum slices for px < 6 GeV/c as done in previous analyses i58l. 1591]. In the transverse 
momentum interval 6 < px < 12 GeV/c, the E/p distribution for hadrons identified via the specific 
energy loss measured in the TPC < —3.5) was normalised in the lower E/p range (0.4-0.6) to 
the corresponding E/p distribution for identified electrons (— 1 < < 3) (see Fig. |l(b)| ). The num¬ 

ber of hadrons with w E/p ratio between 0.8 and 1.2 was thus determined in momentum slices. The 
hadron contamination ranged from 2% at 5 < px < 6 GeV/c tol5%atl0<px<12 GeV/c and was 
correspondingly subtracted. For px < 5 GeV/ c, the contamination was found to be negligible. 


The resulting electron candidate sample, also referred to as the ‘inclusive electron sample’ in the fol¬ 
lowing, still contains electrons from sources other than heavy-flavour hadron decays. The majority of 
the remaining background originates from photon conversions in the detector material (/—>• e+e~) and 
Dalitz decays of neutral mesons, e.g. Ti® —)■ 7 e+e^ and —)• 7 e+e^. These electrons are hereafter 
denoted as ‘photonic electrons’. 


In previous analyses of electrons from heavy-flavour hadron decays in pp collisions by the AFICE Col¬ 
laboration, the contribution of electrons from background sources was estimated via a data-tuned Monte 
Carlo cocktail and subtracted from the inclusive electron sample 1581 15911. The pion input to the cocktail 
was based on pion measurements with AFICE Sl^, while heavier mesons were implemented via 
mx scaling ll62ll . and photons from hard scattering processes (direct 7 , 7*) were obtained from next-to- 
leading order (NFO) calculations i63n . The resulting systematic uncertainty of the sum of all background 


sources was large, in particular at low px, where the signal-to-background ratio is small 11581. 15911. In or 


der to reduce this uncertainty, in this analysis an invariant mass technique ilhll was used to estimate the 
number of electrons coming from background sources. 


5 




































Measurement of electrons from heavy-flavour hadron decays in p-Pb collisions ALICE Collaboration 


10 ® 

10 " 
w 

glO® 

o 

10 ^ 

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 

APee {GeV/c2) 

Fig. 2: Invariant mass distributions of unlike-sign and like-sign electron pairs for the inclusive electron pj interval 
0.5 < pt < 0.6 GeV/c. The difference between the distributions yields the photonic contribution. 
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Photonic electrons are produced in e+e^ pairs and can thus be identified using an invariant mass tech¬ 
nique (photonic method). All inclusive electrons were paired with other tracks in the same event passing 
looser track selection and electron identification criteria (e.g. -3 < < 3). Looser selection cri¬ 

teria were applied to increase the efficiency to find the photonic partner. Figure [2] shows the invariant 
mass distributions of unlike-sign and like-sign electron pairs for the inclusive electron in the interval 
0.5 < pt < 0.6 GeV/c. The like-sign distribution estimates the uncorrelated pairs. Subtracting these 
from the unlike-sign pairs yields the number of electrons with a photonic partner A^p^ot (s®® Fig- 
invariant mass smaller than 0.14 GeV/c^ was required. According to simulations, the peak around zero in 
the photonic electron pair distribution is due to photon conversions; the exponential tail to higher values 
originates from Dalitz decays of neutral mesons. 


The efficiency £phot to find photonic electron pairs was estimated using Monte Carlo simulations. A 
sample of p-Pb collisions was generated with HIJING vl.36 16411 . To increase the statistical precision at 
high pt, one cc or bb pair decaying semileptonically using the generator PYTHIA v6.4.21 16511 with the 
Perugia-0 tune 0] was added in each event. The generated particles were propagated through the ap¬ 
paratus using GEANT3 ll67ll and a realistic detector response was applied to reproduce the performance 
of the detector system during data taking period. The simulated transverse momentum distributions of 
the and rj mesons were weighted to match the measured shapes, where the input was based on the 


measured charged-pion spectra i68l. 16911 assuming N^o = l/2(A;i:+ and the rj input was derived 


via niT scaling. The efficiency £phot is defined as the fraction of electrons from photonic origin for which 
the partner could be found within the defined acceptance of the analysis, i.e. the geometrical acceptance 
of the ALICE apparatus together with the superimposed track selection and electron identification cri¬ 
teria. The efficiency £phot increases sharply with pj from 35% to 80% between 0.5 and 3 GeV/c and 
remains at 80% up to 12 GeV/c. The raw photonic electron distribution was then corrected by the 
efficiency £phot as Aphot(PT) = A^phot(PT)/£phot(/AT) and subtracted from the inclusive electron yield to 
obtain the yield of electrons from heavy-flavour hadron decays. The signal-to-background ratio (ratio of 
non-photonic to photonic yield) ranges from 0.2 at 0.5 GeV/c to 4 at 10 GeV/c. 


The remaining electrons are then those from semileptonic heavy-flavour hadron decays (AJj™), besides a 
small residual background contribution originating from semileptonic kaon decays and dielectron decays 
of J/y mesons. The latter is the only non-negligible contribution from quarkonia. These contributions 
were subtracted from the corrected invariant cross section, as described later on in this section. 
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The pT-differential invariant cross section ahfe of electrons from heavy-flavour hadron decays, 1 /2(e+ -|- e ), 
was calculated as 


1 d^ahfe ^ 1 1 1 _ CunfoldA^gr <^MB 

Inpj dpxdy 2 AyApx x x Amb ’ 


where are the centres of the px bins with widths Apx> and A(p and Ay denote the geometrical 

acceptance in azimuth and rapidity to which the analysis was restricted, respectively. Amb is the number 
of events that pass the selection criteria described in Section |2] and is the p-Pb cross section for the 
minimum-bias VO trigger condition. The raw spectrum of electrons from heavy-flavour hadron decays 
(A^™) was corrected for the acceptance of the detectors in the selected geometrical region of the analysis 
the track reconstruction and selection efficiency and the elD efficiency (£®®). These 

corrections were computed using the aforementioned Monte Carlo simulations. Only the efficiency of 
the TPC electron identification selection criterion for pj <6 GeV/c was determined using a data-driven 
approach based on the distribution The measurement of the electron px is affected by the finite 
momentum resolution and by electron energy loss due to bremsstrahlung in the detector material A 
which is not corrected for in the track reconstruction algorithm. These effects distort the shape of the 
px distribution, which falls steeply with increasing momentum. To determine this correction (Cunfoid); an 
iterative unfolding procedure based on Bayes’ theorem was applied lF^.l7lh . 


The aforementioned residual background contributions, electrons from semileptonic kaon decays and 
dielectron decays of J/i/r mesons, were estimated as an invariant cross section with Monte Carlo simula¬ 
tions and found to be less than 3% per px bin and subtracted from the corrected invariant cross section 
of non-photonic electrons. More specifically, the contribution from J/i/r mesons was implemented by 
using a parametrisation for pp collisions based on the interpolation of J/i/r measurements from RHIC 
at ^/s = 200 GeV, Tevatron at y/s = 1.96 TeV, and the LHC at y/s = 1 TeV according to |72]. Decays 
of J/ip mesons within |yiab| <1.0 were considered. The parametrisation and its associated systematic 
uncertainty were scaled from pp to p-Pb collisions assuming binary collision scaling. Potential devia¬ 
tions from binary collision scaling were considered by assigning a 50% systematic uncertainty on the 
normalisation. The parametrisation with its uncertainties used as input for the Monte Carlo simulations 
is consistent with the measured J/»/r cross section in p-Pb collisions ISSH . 


The systematic uncertainties were estimated as a function of px by repeating the analysis with differ¬ 
ent selection criteria. The systematic uncertainties were evaluated for the spectrum obtained after the 
subtraction of the photonic yield Aphot from the inclusive spectrum and before removing the remain¬ 
ing background contributions originating from semileptonic kaon decays and dielectron decays of J/ip 
mesons. The sources of systematic uncertainty for the inclusive analysis and the determination of the 
electron background are listed in Table [J 


The systematic uncertainties for tracking and elD are px dependent due to the usage of the various detec¬ 
tors in the different momentum intervals. The latter also includes the uncertainties due to the determina¬ 
tion of the hadron contamination. The 3% systematic uncertainty for the matching between ITS and TPC 
was taken from [Tj], where the matching efficiency of charged particles in data was compared to Monte 
Carlo simulations. The uncertainty of the TOF-TPC matching efficiency was estimated by comparing 
the matching efficiency in data and Monte Carlo simulations using electrons from photon conversions, 
which were identified via topological cuts. The uncertainty amounts to 3%. The TPC-EMCal matching 
uncertainty was assigned to be 1%, as determined by varying the size of the matching window in rj and 
azimuth (p for charged-particle tracks that were extrapolated to the calorimeter. The resulting matching 
uncertainties were combined in quadrature for the various px intervals shown in Table [T] 


The listed uncertainties for the photonic method include the uncertainties on elD and tracking. In addi¬ 
tion, the Monte Carlo sample was divided into two halves. The first was treated as real data and the sec¬ 
ond was used to correct the resulting spectrum. Deviations from the expected px spectrum of electrons 
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from heavy-flavour hadron decays resulted in a 2% systematic uncertainty for pj < 6 GeV/c and 4% 
above. The uncertainty on the re-weighting of the and T]-meson pj distributions in Monte Carlo sim¬ 
ulations was estimated by changing the weights by ± 10%. The variation yielded a 2% uncertainty for 
Pj < 2.5 GeV/c on the px-differential invariant cross section of electrons from heavy-flavour hadron de¬ 
cays. This source of uncertainty is negligible at higher pj. The invariant mass technique gives a system¬ 
atic uncertainty smaller by a factor of > 4 and of about 1.4 for pj < 1 GeV/c and 3 < pj < 12 GeV/c, 
respectively, compared to the one of the cocktail subtraction method Isih . The reduction in uncertainty, 
in particular at low pT, proves the advantage of using the invariant mass technique for the estimation of 
electrons from background sources. 

The uncertainty of the pj unfolding procedure was determined by employing an alternative unfolding 
method (matrix inversion) and, as described in by correcting the data with two different Monte Carlo 
samples corresponding to different pj distributions. In addition to the aforementioned signal-enhanced 
Monte Carlo sample, a minimum-bias sample was used. The comparison of the resulting pj spectra 
revealed an uncertainty of 1% for pt < 6 GeV/c, and smaller than 1% above 6 GeV/c. The systematic 
uncertainties of the heavy-flavour electron yield due to the subtraction of the remaining background 
originating from semileptonic kaon decays and dielectron decays from J/yr mesons are smaller than 
0.5%. This was estimated by changing the particle yields by ± 50% and ± 100% for the J/i/r meson and 
the semileptonic kaon decays, respectively. 


The individual sources of systematic uncertainties are uncorrelated. Therefore, they were added in 
quadrature to give a total systematic uncertainty ranging from 5.8% to 16.4% depending on the pj bin. 
The normalisation uncertainty on the luminosity is of 3.7% 15611 . 


Variable 

0.5<pt<2.5 GeV/c 

2.5 < Px < 6 GeV/c 

6 < Px < 12 GeV/c 

Tracking 

4.3% 

2.2% 

3% 

Matching 

4.2% 

3% 

3.2% 




3.2% (6-8 GeV/c) 

elD 

3.6% 

3.6% 

5.1% (8-10 GeV/c) 
15.1% (10-12 GeV/c) 

Photonic 

method 

6.9% (0.5-1 GeV/c) 
3.7% (1-2.5 GeV/c) 

2.4% 

4.5% 

Unfolding 

1% 

1% 

<1% 

Total 

9.9% (0.5-1 GeV/c) 
8.0% (1-2.5 GeV/c) 

5.8% 

7.1%(6-8GeV/c) 
8.1% (8-10 GeV/c) 
16.4% (10-12 GeV/c) 


Table 1: Systematic uncertainties for the different momentum intervals. 


Figure [3]shows the interval 2.5 < px < 8 GeV/c of the px-differential invariant cross section of electrons 
from heavy-flavour hadron decays in minimum-bias p-Pb collisions at = 5.02 TeV, comparing 

the results of the various elD strategies in the two transition regions at 2.5 GeV/c and 6 GeV/c. A 
consistency within 1 % is found. 


4 pp reference 

In order to calculate the nuclear modification factor /?ppb, a reference cross section for pp collisions at 
the same centre-of-mass energy is needed. Since pp data at ^/s = 5.02 TeV are cun'ently not available, 
the reference was obtained by interpolating the px-differential cross sections of electrons from heavy- 
flavour hadron decays measured in pp collisions at y/s = 2.76 TeV and at y/s = 7 TeV |5^ 5^. The 
analysis described in this paper requires a reference in the interval 0.5 < px < 12 GeV/c. While the 
y/s = 2.76 TeV analysis was carried out in this px range, the y/s = 1 TeV measurement is limited to 
the Px interval 0.5 < px < 8 GeV/c. Thus, to extend the px interval up to 12 GeV/c a measurement 
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Fig. 3: The px-differential invariant cross section of electrons from heavy-flavour hadron decays in minimum-bias 
p-Pb collisions at ^Ann = 5.02 TeV, comparing the results of the elD strategies in the two transition regions at 2.5 
and 6 GeV /c. The centre values are slightly shifted along the pj-axis in the transition regions for better visibility. 
The results agree within 1%. Details on the elD strategies can be found in the text. 


centre (jg^otes the Central values 
In the overlap interval 7 < 


by the ATLAS Collaboration in the pt interval 1 < pj < 12 GeV/c was used 17411 . The published 
ATLAS measurement, do/d-pj, was divided by l/(27rpx "^®Ay), where 
of the Pt bins, and Ay the rapidity range covered by the measurement. 

Pt < 8 GeV/c the mboxALICE and ATLAS measurements, which agree within uncertainties, were 
combined as a weighted average. The inverse quadratic sum of statistical and systematic uncertainties of 
the two spectra were used as weights. Perturbative QCD (pQCD) calculations at fixed order with next- 
to-leading-log (LONLL) resummation |75-77] describe all aforementioned pp results |5^, 5^ within 
experimental and theoretical uncertainties. The pp references are measured in a symmetric rapidity 
window (|ycms| < 0.8 at ^/s = 2.76 TeV and |ycms| < 0.5 at ^/s = 7 TeV). The effect due to the different 
asymmetric rapidity window in this analysis was estimated with LONLL and is much smaller than the 
systematic uncertainties of the data, therefore is was neglected. 

An assumption about the ^dependence of the heavy-flavour production cross sections is required for the 
interpolation. Calculations based onpQCD are consistent with a power-law scaling of the heavy-flavour 
production cross section with y/s 117SH . Therefore, this scaling was used to calculate the interpolated 
data points. The statistical uncertainties of the spectra at ^/s = 2.76 TeV and = 1 TeV were added 
in quadrature with weights according to the ^/s interpolation. The weighted correlated systematic un¬ 
certainties (tracking, matching and elD) of the spectra at ^ = 2.76 TeV and ^ = 7 TeV were added 
linearly, while the weighted uncorrelated uncertainties (ITS layer conditions, unfolding and cocktail sys- 
tematics) were added in quadrature. The weights were determined according to the ^/s interpolation. 
The uncorrelated and correlated uncertainties were then added in quadrature. 


The systematic uncertainty of the bin-by-bin interpolation procedure was added in quadrature to the 
previous ones. It was estimated by using a linear or exponential dependence on ^ instead of a power 
law. The ratios of the resulting pi spectra to the baseline pp reference were used to estimate a systematic 
uncertainty of 1 jq%. 

The resulting pp reference cross section is well described by LONLL calculations. The systematic uncer- 
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Fig. 4: The pj-differential invariant cross section of electrons from heavy-flavour hadron decays in minimum-bias 
p-Pb collisions at = 5.02 TeV. The pp reference obtained via the interpolation method is shown, not scaled 
by A, for comparison. The statistical uncertainties are indicated for both spectra by error bars, the systematic 
uncertainties are shown as boxes. 

tainties of the normalisations related to the determination of the minimum-bias nucleon-nucleon cross 
sections of the input spectra were likewise interpolated, yielding a normalisation uncertainty of 2.3% for 
the pp reference spectrum, assuming that they are uncorrelated. 

5 Results 

The pT-differential invariant cross section of electrons from heavy-flavour hadron decays in the rapidity 
range —1.065 < jcms < 0.135 for p-Pb collisions at = 5.02 TeV is shown in Fig. |4]and compared 
with the pp reference cross section. The vertical bars represent the statistical uncertainties, while the 
boxes indicate the systematic uncertainties. The systematic uncertainties of the p-Pb cross section are 
smaller than those of the pp cross section, in particular at low transverse momentum, mainly as a conse¬ 
quence of the estimation of the electron background via the invariant mass technique. For the pp analysis, 
the background was subtracted via the cocktail method. At low pj, the electrons mainly originate from 
charm-hadron decays, while for pj > 4 GeV/c beauty-hadron decays are the dominant source in pp 
collisions 

The nuclear modification factor /?pPb of electrons from heavy-flavour hadron decays as a function of 
transverse momentum is shown in Fig. [5l The statistical and systematic uncertainties of the spectra 
in p-Pb and pp were propagated as independent uncertainties. The normalisation uncertainties of the 
pp reference and the p-Pb spectrum were added in quadrature and are shown as a filled box at high 
transverse momentum in Fig. [5j 

The 7?pPb is consistent with unity within uncertainties over the whole pj range of the measurement. The 
production of electrons from heavy-flavour hadron decays is thus consistent with binary collision scaling 
of the reference spectrum for pp collisions at the same centre-of-mass energy. The suppression of the 
yield of heavy-flavour production in Pb-Pb collisions at high-pp is therefore a final state effect induced 
by the produced hot medium. 
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Fig. 5 : Nuclear modification factor /?ppb of electrons from heavy-flavour hadron decays as a function of transverse 
momentum for minimum-bias p-Pb collisions at = 5.02 TeV, compared with theoretical models 112511271145 . 


48ll75l1 . as described in the text. The vertical bars represent the statistical uncertainties, and the boxes indicate the 
systematic uncertainties. The systematic uncertainty from the normalisation, common to all points, is shown as a 
filled box at high pj. 


Given the large systematic uncertainties, our measurement is also compatible with an enhancement in the 
transverse momentum interval 1 < pT < 6 GeV/c as seen at mid-rapidity in d-Au collisions at = 
200 GeV 14211 . Such an enhancement might be caused by radial flow as suggested by studies on the mean 
Pj as a function of the identified particle multiplicity ibSH . 


The data are described within the uncertainties by pQCD calculations including initial-state effects 
(FONLL i75n -I- EPS09NLO idSH nuclear shadowing parametrisation). The results suggest that initial- 
state effects are small at high transverse momentum in Pb-Pb collisions. Calculations by Sharma et 
al. which include CNM energy loss, nuclear shadowing and coherent multiple scattering at the partonic 
level also describe the data i27n . Calculations based on incoherent multiple scatterings by Kang et al. 
predict an enhancement at low pj ll25n . The formation of a hydrodynamically expanding medium and 
consequently flow of charm and beauty quarks are expected to result in an enhancement in the nuclear 
modification factor /?pPb ll45n . To quantify the possible effect on /?ppb, a blast wave calculation with pa¬ 
rameters extracted from fits to the px spectra of light-flavour hadrons IbSH measured in p-Pb collisions 
was employed. The model calculation agrees with the data. However, the present uncertainties of the 
measurement do not allow us to discriminate among the aforementioned theoretical approaches. 


6 Summary and conclusions 

The px-differential invariant cross section for electrons from heavy-flavour hadron decays in minimum- 
bias p-Pb collisions at .^^nn = 5.02 TeV was measured in the rapidity range — 1.065 < ycms < 0.135 and 
the transverse momentum interval 0.5 < px < 12 GeV/c using the combination of three electron iden¬ 
tification methods. The application of the invariant mass technique to subtract electrons not originating 
from open heavy-flavour hadron decays largely reduced the systematic uncertainties with respect to the 
cocktail subtraction method, in particular at low transverse momentum. The pp reference for the nuclear 
modification factor 7?pPb was obtained by interpolating the measured px-differential cross sections of 
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electrons from heavy-flavour hadron decays at y/s = 2.76 TeV and y/s = 1 TeV. The /?pPb is consistent 
with unity within uncertainties of about 25 %, which become larger for px below 1 GeV/c. The presented 
calculations describe the data within uncertainties. The results suggest that heavy-flavour production in 
minimum-bias p-Pb collisions scales with the number of binary collisions, although within uncertain¬ 
ties the data are also consistent with an enhancement above this scaling. The consistency with unity of 
the 7?pPb at high pi indicates that the suppression of heavy-flavour production in Pb-Pb collisions is of 
different origin than cold nuclear matter effects. 

Acknowledgements 

The ALICE Collaboration would like to thank all its engineers and technicians for their invaluable con¬ 
tributions to the construction of the experiment and the CERN accelerator teams for the outstanding 
performance of the LHC complex. The ALICE Collaboration gratefully acknowledges the resources and 
support provided by all Grid centres and the Worldwide LHC Computing Grid (WLCG) Collaboration. 
The ALICE Collaboration acknowledges the following funding agencies for their support in building 
and running the ALICE detector: State Committee of Science, World Lederation of Scientists (WES) 
and Swiss Eonds Kidagan, Armenia; Conselho Nacional de Desenvolvimento Cientifico e Tecnologico 
(CNPq), Einanciadora de Estudos e Projetos (EINEP), Punda 9 ao de Amparo a Pesquisa do Estado de Sao 
Paulo (EAPESP); National Natural Science Eoundation of China (NSEC), the Chinese Ministry of Edu¬ 
cation (CMOE) and the Ministry of Science and Technology of China (MSTC); Ministry of Education 
and Youth of the Czech Republic; Danish Natural Science Research Council, the Carlsberg Eoundation 
and the Danish National Research Eoundation; The European Research Council under the European 
Community’s Seventh Eramework Programme; Helsinki Institute of Physics and the Academy of Pin- 
land; Prench CNRS-IN2P3, the ‘Region Pays de Loire’, ‘Region Alsace’, ‘Region Auvergne’ and CEA, 
Prance; German Bundesministerium fur Bildung, Wissenschaft, Porschung und Technologic (BMBP) 
and the Helmholtz Association; General Secretariat for Research and Technology, Ministry of Develop¬ 
ment, Greece; Hungarian Orszagos Tudomanyos Kutatasi Alappgrammok (OTKA) and National Office 
for Research and Technology (NKTH); Department of Atomic Energy and Department of Science and 
Technology of the Government of India; Istituto Nazionale di Pisica Nucleare (INPN) and Centro Permi 
- Museo Storico della Pisica e Centro Studi e Ricerche “Emico Permi”, Italy; MEXT Grant-in-Aid 
for Specially Promoted Research, Japan; Joint Institute for Nuclear Research, Dubna; National Research 
Eoundation of Korea (NRP); Consejo Nacional de Cienca y Tecnologia (CONACYT), Direccion General 
de Asuntos del Personal Academico(DGAPA), Mexico, Amerique Latine Pormation academique - Euro¬ 
pean Commission (ALPA-EC) and the EPLANET Program (European Particle Physics Latin American 
Network); Stichting voor Pundamenteel Onderzoek der Materie (POM) and the Nederlandse Organisatie 
voor Wetenschappelijk Onderzoek (NWO), Netherlands; Research Council of Norway (NPR); National 
Science Centre, Poland; Ministry of National Education/Institute for Atomic Physics and National Coun¬ 
cil of Scientific Research in Higher Education (CNCSI-UEPISCDI), Romania; Ministry of Education 
and Science of Russian Pederation, Russian Academy of Sciences, Russian Pederal Agency of Atomic 
Energy, Russian Pederal Agency for Science and Innovations and The Russian Eoundation for Basic Re¬ 
search; Ministry of Education of Slovakia; Department of Science and Technology, South Africa; Centro 
de Investigaciones Energeticas, Medioambientales y Tecnologicas (CIEMAT), E-Infrastructure shared 
between Europe and Latin America (ELLA), Ministerio de Economia y Competitividad (MINECO) of 
Spain, Xunta de Galicia (Consellerfa de Educacion), Centro de Aplicaciones Tecnolgicas y Desarrollo 
Nuclear (CEADEN), Cubaenergia, Cuba, and IAEA (International Atomic Energy Agency); Swedish 
Research Council (VR) and Knut & Alice Wallenberg Eoundation (KAW); Ukraine Ministry of Edu¬ 
cation and Science; United Kingdom Science and Technology Pacilities Council (STPC); The United 
States Department of Energy, the United States National Science Eoundation, the State of Texas, and the 
State of Ohio; Ministry of Science, Education and Sports of Croatia and Unity through Knowledge Pund, 
Croatia; Council of Scientific and Industrial Research (CSIR), New Delhi, India; Pontificia Universidad 


12 



Measurement of electrons from heavy-flavour hadron decays in p-Pb collisions ALICE Collaboration 


Catdlica del Peru. 

References 

[1] J. D. Bjorken, “Highly Relativistic Nucleus-Nucleus Collisions: The Central Rapidity Region,” 
Phys. Rev. D27 (1983) 140-151 

[2] F. Karsch, “Lattice QCD at high temperature and density,” Lect. Notes Phys. 583 (2002) 209-249, 
arXiv:hep-lat/0106019 [hep-lat] 

[3] S. Borsanyi, Z. Fodor, C. Hoelbling, S. D. Katz, S. Krieg, and K. K. Szabo, “Full result for the 
QCD equation of state with 2-1-1 flavors,” Phys. Lett. B730 (2014) 99-104, 

arXiv:1309.5258 [hep-lat] 

[4] BRAHMS Collaboration, I. Arsene et al. , “Quark gluon plasma and color glass condensate at 
RHIC? The Perspective from the BRAHMS experiment,” Nucl. Phys. A751 (2005) 1-27, 
arXiv:nucl-ex/0410020 [nucl-ex] 

[5] B. B. Back et al., “The PHOBOS perspective on discoveries at RHIC,” 

Nucl. Phys. A757 (2005) 28-101, arXiv:nucl-ex/0410022 [nucl-ex] 

[6] STAR Collaboration, J. Adams et al. , “Experimental and theoretical challenges in the search for 
the quark gluon plasma: The STAR Collaboration’s critical assessment of the evidence from RHIC 
collisions,” Nucl. Phys. A757 (2005) 102-183, arXiv:nucl-ex/0501009 [nucl-ex] 

[7] PHENIX Collaboration, K. Adcox et al. , “Formation of dense partonic matter in relativistic 
nucleus-nucleus collisions at RHIC: Experimental evaluation by the PHENIX collaboration,” 

Nucl. Phys. A757 (2005) 184-283, arXiv:nucl-ex/0410003 [nucl-ex] 

[8] ALICE Collaboration, K. Aamodt et al, “Charged-particle multiplicity density at mid-rapidity in 
central Pb-Pb collisions at ^s^n = 2.76 TeV,” Phys. Rev. Lett. 105 (2010) 252301, 

arXiv:1011.3916 [nucl-ex] 

[9] ALICE Collaboration, K. Aamodt et al, “Elliptic flow of charged particles in Pb-Pb collisions at 
2.76 TeV,” Phys. Rev. Lett. 105 (2010) 252302, arXiv: 1011.3914 [nucl-ex]. 

[10] ALICE Collaboration, K. Aamodt et al, “Suppression of Charged Particle Production at Large 
Transverse Momentum in Central Pb-Pb Collisions at s/snn = 2.76 TeV,” 

Phys. Lett. B696 (2011) 30-39, arXiv: 1012.1004 [nucl-ex] 

[11] F.-M. Liu and S.-X. Liu, “Quark-gluon plasma formation time and direct photons from heavy ion 
collisions,” Phys. Rev. C89 no. 3, (2014) 034906, arXiv: 1212.6587 [nucl-th]. 

[12] E. Braaten and M. H. Thoma, “Energy loss of a heavy fermion in a hot plasma,” 

Phys. Rev D44 (1991) 1298-1310 

[13] R. Baier, Y. L. Dokshitzer, A. H. Mueller, S. Peigne, and D. Schiff, “Radiative energy loss of 
high-energy quarks and gluons in a finite volume quark-gluon plasma,” 

Nucl Phys. B483 (1997) 291-320, arXiv:hep-ph/9607355 [hep-ph] 

[14] S. Wicks, W. Horowitz, M. Djordjevic, and M. Gyulassy, “Heavy quark jet quenching with 
collisional plus radiative energy loss and path length fluctuations,” 

Nucl Phys. A783 (2007) 493=196, arXiv:nucl-th/0701063 [nucl-th] 


13 




Measurement of electrons from heavy-flavour hadron decays in p-Pb collisions ALICE Collaboration 


[15] PHENIX Collaboration, A. Adare et al, “Energy Eoss and Elow of Heavy Quarks in Au + Au 
Collisions at = 200 GeV,” Phys. Rev. Lett. 98 (2007) 172301, 
arXiv:nucl-ex/0611018 [nucl-ex]. 

[16] STAR Collaboration, B. I. Abelev et al, “Transverse momentum and centrality dependence of 
high-pr non-photonic electron suppression in Au-i-Au collisions at y/sjvN = 200 GeV,” 

Phys. Rev. Lett. 98 (2007) 192301, arXiv:nucl-ex/0607012 [nucl-ex] [Erratum: Phys. Rev. 
Eett.l06,159902(2011)]. 

[17] PHENIX Collaboration, A. Adare et al, “Nuclear-Modification Eactor for Open-Heavy-Elavor 
Production at Eorward Rapidity in Cu-i-Cu Collisions at = 200 GeV,” 

Phys. Rev. C86 (2012) 024909, arXiv: 1204.0754 [nucl-ex]. 

[18] STAR Collaboration, E. Adamczyk et al, “Observation of Meson Nuclear Modifications in 
Au-i-Au Collisions at y/sj^ = 200GeV,” Phys. Rev. Lett. 113 no. 14, (2014) 142301, 

arXiv:1404.6185 [nucl-ex] 

[19] ALICE Collaboration, B. Abelev et al, “Production of muons from heavy flavour decays at 
forward rapidity in pp and Pb-Pb collisions at y/s^N = 2.76 TeV,” 

Phys. Rev. Lett. 109 (2012) 112301, arXiv: 1205.6443 [hep-ex] 

[20] CMS Collaboration, S. Chatrchyan et al, “Suppression of non-prompt 7/i/r, prompt 7/ V^, and 
Y(1S) in PbPb collisions at y/J^ = 2.76 TeV,” JHEP 05 (2012) 063, 

arXiv:1201.5069 [nucl-ex], 

[21] ALICE Collaboration, J. Adam et al, “Inclusive, prompt and non-prompt J/i/r production at 
mid-rapidity in Pb-Pb collisions at = 2.76 TeV,” JHEP 07 (2015) 051, 

arXiv:1504.07151 [nucl-ex], 

[22] ALICE Collaboration, J. Adam et al, “Centrality dependence of high-pT D meson suppression in 
Pb-Pb collisions at y^nn = 2.76 TeV,” arXiv: 1506.06604 [nucl-ex] 

[23] N. Armesto, “Nuclear shadowing,” J. Phys. G32 (2006) R367-R394, 
arXiv:hep-ph/0604108 [hep-ph] 

[24] H. Eujii, E. Gelis, and R. Venugopalan, “Quark pair production in high energy pA collisions: 
General features,” Nucl Phys. A780 (2006) 146-174, arXiv :hep-ph/0603099 [hep-ph] 

[25] Z.-B. Kang, I. Vitev, E. Wang, H. Xing, and C. Zhang, “Multiple scattering effects on heavy 
meson production in p-i-A collisions at backward rapidity,” Phys. Lett. B740 (2015) 23-29, 
arXiv:1409.2494 [hep-ph] 

[26] J. W. Cronin, H. J. Erisch, M. J. Shochet, J. P. Boymond, R. Mermod, P. A. Piroue, and R. E. 
Sumner, “Production of Hadrons with Earge Transverse Momentum at 200-GeV, 300-GeV, and 
400-GeV,” Phys. Rev. Dll (1975) 3105 

[27] R. Sharma, 1. Vitev, and B.-W. Zhang, “Eight-cone wave function approach to open heavy flavor 
dynamics in QCD matter,” Phys. Rev. C80 (2009) 054902, arXiv: 0904.0032 [hep-ph] 

[28] D. G. d’Enterria, “Hard scattering cross-sections at EHC in the Glauber approach: Erom pp to pA 
and AA collisions,” arXiv: nucl-ex/0302016 [nucl-ex], 

[29] STAR Collaboration, J. Adams et al, “Open Charm Yields md + Au Collisions at 

y/sf^ = 200 GeV,” Phys. Rev. Lett. 94 (2005) 062301, arXiv: nucl-ex/0407006 [nucl-ex] 


14 







Measurement of electrons from heavy-flavour hadron decays in p-Pb collisions ALICE Collaboration 


[30] PHENIX Collaboration, A. Adare et al, “u(15' + 2S + 3S) production in d+Au and p + p 
collisions at = 200 GeV and cold-nuclear matter effects,” Phys. Rev. C87 (2013) 044909, 
arXiv:1211.4017 [nucl-ex] 

[31] PHENIX Collaboration, A. Adare et al, “Transverse-Momentum Dependence of the J/xj/ Nuclear 
Modification in r/-|-Au Collisions at y/s^N = 200 GeV,” Phys. Rev. C87 no. 3, (2013) 034904, 
arXiv:1204.0777 [nucl-ex] 

[32] PHENIX Collaboration, A. Adare et al, “Nuclear Modification of ,c, and 1/ Production in d-i-Au 
Collisions at ^/sf^=200GeVPhys. Rev. Lett. Ill no. 20, (2013) 202301, 

arXiv:1305.5516 [nucl-ex], 

[33] PHENIX Collaboration, A. Adare et al, “Heavy-flavor electron-muon correlations in p+p and 
r/-i-Au collisions at ^/s^ = 200 GeV,” Phys. Rev. C89 no. 3, (2014) 034915, 

arXiv:1311.1427 [nucl-ex], 

[34] STAR Collaboration, L. Adamczyk et al, “Suppression of T production in d-i-Au and Au-i-Au 
collisions at ,/si^=200 GeV,” Phys. Lett. B735 (2014) 127-137, 

arXiv: 1312.3675 [nucl-ex] [Erratum: Phys. Eett.B743,537(2015)]. 

[35] PHENIX Collaboration, A. Adare et al, “Cross section for bb production via dielectrons in d-|-Au 
collisions at = 200 GeV,” Phys. Rev. C91 no. 1, (2015) 014907, 

arXiv:1405.4004 [nucl-ex], 

[36] ALICE Collaboration, B. B. Abelev et al, “Suppression of V^(2S) production in p-Pb collisions at 
y/s^N = 5.02 TeV,” JHEP 12 (2014) 073, arXiv: 1405.3796 [nucl-ex] 

[37] ALICE Collaboration, B. B. Abelev et al, “Production of inclusive T(1S) and T(2S) in p-Pb 
collisions at .^Snn = 5.02 TeV,” Phys. Lett. B740 (2015) 105-117, 

arXiv:1410.2234 [nucl-ex], 

[38] ALICE Collaboration, J. Adam et al, “Rapidity and transverse-momentum dependence of the 
inclusive J/i/r nuclear modification factor in p-Pb collisions at ^/s^ = 5.02 TeV,” 

JHEP 06 (2015) 055, arXiv:1503.07179 [nucl-ex]. 

[39] ATLAS Collaboration, G. Aad et al, “Measurement of differential 7/»/r production cross sections 
and forward-backward ratios in p -i- Pb collisions with the ATLAS detector,” 

Phys. Rev. C92 no. 3, (2015) 034904, arXiv: 1505.08141 [hep-ex]. 

[40] CMS Collaboration, S. Chatrchyan et al, “Event activity dependence of Y(nS) production in 
y/^=5.02 TeV pPb and ^s=2.16 TeV pp collisions,” JHEP 04 (2014) 103, 

arXiv:1312.6300 [nucl-ex], 

[41] CMS Collaboration, V Khachatryan et al, “Study of B meson production in pPb collisions at 

= 5.02 TeV,” arXiv: 1508.06678 [nucl-ex] 

[42] PHENIX Collaboration, A. Adare et al, “Cold-nuclear-matter effects on heavy-quark production 
in r/-|-Au collisions at ^s^n = 200 GeV,” Phys. Rev. Lett. 109 no. 24, (2012) 242301, 

arXiv:1208.1293 [nucl-ex], 

[43] PHENIX Collaboration, A. Adare et al, “Cold-Nuclear-Matter Effects on Heavy-Quark 
Production at Eorward and Backward Rapidity in d-i-Au Collisions at ^/ss/n = 200GeV,” 

Phys. Rev. Lett. 112 no. 25, (2014) 252301, arXiv: 1310.1005 [nucl-ex] 


15 






Measurement of electrons from heavy-flavour hadron decays in p-Pb collisions ALICE Collaboration 


[44] ALICE Collaboration, B. B. Abelev et al, “Measurement of prompt D-meson production in 
p — Pb collisions at ^/snn - 5-02 TeV,” Phys. Rev. Lett. 113 no. 23, (2014) 232301, 
arXiv:1405.3452 [nucl-ex] 

[45] A. M. Sickles, “Possible Evidence for Radial Elow of Heavy Mesons in d-i-Au Collisions,” 

Phys. Lett. B731 (2014) 51-56, arXiv: 1309.6924 [nucl-th] 

[46] ALICE Collaboration, B. Abelev et al, “Measurement of electrons from beauty hadron decays in 
pp collisions at ^/s = 7 TeV,” Phys. Lett. B721 (2013) 13-23, arXiv: 1208.1902 [hep-ex] 

[47] A. Dainese, Charm production and in-medium QCD energy loss in nucleus-nucleus collisions 
with ALICE: A Performance study. PhD thesis, Padua U., 2003. 

arXiv:nucl-ex/0311004 [nucl-ex] 

[48] K. J. Eskola, H. Paukkunen, and C. A. Salgado, “EPS09: A New Generation of NLO and LO 
Nuclear Parton Distribution Eunctions,” JHEP 04 (2009) 065, arXiv; 0902.4154 [hep-ph] 

[49] ALICE Collaboration, K. Aamodt et al , “The ALICE experiment at the CERN EHC,” 

JINST2, (2008) S08002. 

[50] ALICE Collaboration, B. B. Abelev et al, “Performance of the ALICE Experiment at the CERN 
EHC,” Int. J. Mod. Phys. A29 (2014) 1430044, arXiv: 1402.4476 [nucl-ex]. 

[51] ALICE Collaboration, K. Aamodt et al, “Alignment of the ALICE Inner Tracking System with 
cosmic-ray tracks,” JINST 5 (2010) P03003, arXiv: 1001.0502 [physics. ins-det]. 

[52] J. Alme et al, “The AEICE TPC, a large 3-dimensional tracking device with fast readout for 
ultra-high multiplicity events,” Nucl Instrum. Meth. A622 (2010) 316-367, 

arXiv:1001.1950 [physics.ins-det] 

[53] ALICE Collaboration, P. Cortese et al, “ALICE: Addendum to the technical design report of the 
time of flight system (TOE),”, https: //cds. cern. ch/record/545834 

[54] ALICE Collaboration, P. Cortese et al, “ALICE technical design report on forward detectors: 
EMD, TO and VO,”, https: //cds. cern. ch/record/781854 

[55] ALICE Collaboration, P. Cortese et al, “ALICE electromagnetic calorimeter technical design 
report,”, https: //cds. cern. ch/record/1121574 

[56] ALICE Collaboration, B. B. Abelev et al, “Measurement of visible cross sections in proton-lead 
collisions at = 5.02 TeV in van der Meer scans with the ALICE detector,” 

JINST 9 no. 11, (2014) PI 1003, arXiv: 1405.1849 [nucl-ex] 

[57] ALICE Collaboration, B. Abelev et al, “Pseudorapidity density of charged particles in p-Pb 
collisions at y/sm = 5.02 TeV,” Phys. Rev. Lett. 110 no. 3, (2013) 032301, 

arXiv:1210.3615 [nucl-ex], 

[58] ALICE Collaboration, B. B. Abelev et al, “Measurement of electrons from semileptonic 
heavy-flavor hadron decays in pp collisions at ^/s = 2.76 TeV,” 

Phys. Rev. T)91 no. 1, (2015) 012001, arXiv: 1405.4117 [nucl-ex], 

[59] ALICE Collaboration, B. Abelev et al, “Measurement of electrons from semileptonic 
heavy-flavour hadron decays in pp collisions at y/s = 7 TeV,” Phys. Rev. D86 (2012) 112007, 
arXiv:1205.5423 [hep-ex]. 


16 





Measurement of electrons from heavy-flavour hadron decays in p-Pb collisions ALICE Collaboration 


[60] ALICE Collaboration, B. Abelev et al, “Neutral pion and rj meson production in proton-proton 
collisions at ^/s = 0.9 TeV and -^s = 1 TeV,” Phys. Lett. B717 (2012) 162-172, 

arXiv:1205.5724 [hep-ex], 

[61] ALICE Collaboration, B. B. Abelev et al, “Neutral pion production at midrapidity in pp and 
Pb-Pb collisions at = 2.76TeV,” Eur. Phys. J. C74 no. 10, (2014) 3108, 

arXiv:1405.3794 [nucl-ex] 

[62] PHENIX Collaboration, A. Adare et al, “Detailed measurement of the pair continuum in 
p-\- p and Au-i-Au collisions at ^JsMN = 200 GeV and implications for direct photon production,” 
Phys. Rev. C81 (2010) 034911, arXiv: 0912.0244 [nucl-ex]. 

[63] L. E. Gordon and W. Vogelsang, “Polarized and unpolarized isolated prompt photon production 
beyond the leading order,” Phys. Rev. D50 (1994) 1901-1916 

[64] M. Gyulassy and X.-N. Wang, “HIJING 1.0: A Monte Carlo program for parton and particle 
production in high-energy hadronic and nuclear collisions,” 

Comput. Phys. Commun. 83 (1994) 307, arXiv :nucl-th/9502021 [nucl-th]. 

[65] T. Sjostrand, S. Mrenna, and P. Z. Skands, “PYTHIA 6.4 Physics and Manual,” 
y/ZEPOS (2006) 026, arXiv :hep-ph/0603175 [hep-ph] 

[66] P. Z. Skands, “Tuning Monte Carlo Generators: The Perugia Tunes,” 

Phys. Rev. D82 (2010) 074018, arXiv: 1005.3457 [hep-ph] 

[67] R. Brun, E. Carminati, and S. Giani, “GEANT Detector Description and Simulation Tool,”. 

[68] ALICE Collaboration, B. B. Abelev et al, “Multiplicity Dependence of Pion, Kaon, Proton and 
Lambda Production in p-Pb Collisions at ^/s^n = 5.02 TeV,” Phys. Lett. B728 (2014) 25-38, 
arXiv:1307.6796 [nucl-ex] 

[69] ALICE Collaboration, J. Adam et al , “Multiplicity dependence of charged pion, kaon, and 
(anti)proton production at large transverse momentum in p-Pb collisions at = 5.02 TeV,” 
arXiv:1601.03658 [nucl-ex], 

[70] G. D’Agostini, “Bayesian reasoning in high-energy physics: Principles and applications,”, 
http://cds.cern.ch/record/395902. 

[71] J. E. Grosse-Oetringhaus, Measurement of the Charged-Particle Multiplicity in Proton-Proton 
Collisions with the ALICE Detector. PhD thesis, Munster U., 2009. 

https://inspirehep.net/record/887184/files/CERN-THESIS-2009-033.pdf 

[72] E. Bossu, Z. C. del Valle, A. de Ealco, M. Gagliardi, S. Grigoryan, and G. Martinez Garcia, 
“Phenomenological interpolation of the inclusive J/psi cross section to proton-proton collisions at 
2.76 TeV and 5.5 TeV,” arXiv: 1103.2394 [nucl-ex] 

[73] ALICE Collaboration, B. B. Abelev et al, “Transverse momentum dependence of inclusive 
primary charged-particle production in p-Pb collisions at \/5 nn = 5.02 TeV,” 

Eur. Phys. J. C74 no. 9, (2014) 3054, arXiv: 1405.2737 [nucl-ex]. 

[74] ATLAS Collaboration, G. Aad et al, “Measurements of the electron and muon inclusive 
cross-sections in proton-proton collisions at ^/s = 7 TeV with the ATLAS detector,” 

Phys. Lett. B707 (2012) 438-458, arXiv: 1109.0525 [hep-ex]. 

[75] M. Cacciari, M. Greco, and P. Nason, “The P(T) spectrum in heavy flavor hadroproduction,” 
JHEP 05 (1998) 007, arXiv:hep-ph/9803400 [hep-ph] 


17 






Measurement of electrons from heavy-flavour hadron decays in p-Pb collisions ALICE Collaboration 


[76] M. Cacciari, S. Frixione, and P. Nason, “The p(T) spectrum in heavy flavor photoproduction,” 
JHEP 03 (2001) 006, arXiv:hep-ph/0102134 [hep-ph] 

[77] M. Cacciari, S. Frixione, N. Houdeau, M. F. Mangano, P Nason, and G. Ridolfi, “Theoretical 
predictions for charm and bottom production at the FHC,” JHEP 10 (2012) 137, 

arXiv:1205.6344 [hep-ph], 

[78] ALICE Collaboration, B. Abelev et al, “Measurement of charm production at central rapidity in 
proton-proton collisions at ^/s = 2.76 TeV,” JHEP 07 (2012) 191, arXiv: 1205.4007 [hep-ex] 


18 





Measurement of electrons from heavy-flavour hadron decays in p-Pb collisions ALICE Collaboration 


A The ALICE Collaboration 


J. AdanJ^, D. Adamov^^, M.M. Ag garw al^, G. Aglieri Rinell^^ M. AgnellcPdS] N. A graw al^, 

Z. AhammecSS] s.U. AhiJ^, S. AiolaSl] A. Akindino\l^, S.N. Alanff^, D. Aleksandrov^, B. AlessandrcPdS] 

D. AlexandrJED, R. Alfaro MolinsPl A. Alic fl^ l ‘»^ l A. AlkiiJ^ J.R.M. AlmaraTEI], J. AlmP^, T. AlP], 

S. Altinpina^S], I. Altsybee\EI] C. Alves Garcia PradcU^, C. Andrei^, A. Andronic®, V. Anguelo\E], 

J. AnielskjS], T. Antici^^, F. Antinorih^, P. Antoniolif^, L. AphecetchdL^, H. Appelshause:®^, S. Arcelli^, 
R. ArnaldifLfl, O.W. ArnolcP^-I^LI pc. Arsend^, M. Arslandoli^, B. AudurieJEl]^ A. AugustinuJ^, 

R. AverbecliS] m.D. AzmfS], A. BadalPEI Y.W. BaelPH, S. BagnascdHo], R. BailhachdSl, R. BaliP^ 

A. BaldisserfS], R.C. BaraiS^, A.M. Barband^, R. Barberd^, F. BarildSl, G.G. BarnafoldffS], p.S. BarnbjIED 
V. Barrep] P. BartalinP, K. Bartlp], J. BartkdnZ], E. BartsclP^, M. Basilp] N. Basticp], S. BasiPH, 

B. BatheiPl G. Batigndf^, A. Batista CamejcP], B. Batyunyd^, PC. BatzinJS] pQ, BeardeiP^, H. BeclP^, 

C. Bedddna N.K. Beherd^, I. Beliko\P] F. Bellinp], H. Bello MartineP, R. BellwiecdEII R. BelmonP^ 

E. Belmont-MorencPI, V. Belyae\P-l G. BencedP3, S. Beold^, I. BerceaniP-l, A. BercucP-l, Y. Berdniko\P-l, 

D. BerenyJf^, R.A. BertenJP, D. BerzancPI L. Bete\PI A. BhasiiPl, I.R. BhaPl, A.K. BhatP^, 

B. Bhattacharjed^, J. BhorrP^J, L. BianchP^, N. BianchP^, C. BianchiiPEi], J. BielcilPl, J. Bielcrkovd^, 
A. Bilandzic®, R. BiswaP, S. BiswaPd S BjelogrlicPI, J.T. BlaidDII, D. Blad^, C. Blumd^] R BodPHHI 
A. Bogdano\P-l, H. Bpggild^, L. BoldizsaP^, M. Bombard^], J. BoolP^, H. BoreP^, A. Borisso\PI, 

M. BorrPEi] E. Bossi53 E. Bottd^, S. BottgePd C. Bourjaii^, P Braun-Munzi ngeJ^ , M. BreganP^, 

T. BreitneP] p.A. Brokep], T.A. Brownin^^irM. Bro2pl, E.J. BruckeiP^, E. BrundSS G.E. BruncPI, 

D. Budniko\®, H. BueschinJS] s. BufalincPEl], p BuncicPd O. BuschPEH, z. Buthelezp], J.B. ButP^, 

J. T. Buxtoip], D. Caffarrp], X. CaP, H. CainedSS] L. Calero Dia 2 pl A. CalivdSI, E. Calvo VillaP^ 

P. CamerinP], E Carend^, W. Carend^, E. CarnesecchP^, J. Castillo CastellanodP, A.J. CastrcP^, 

E. A.R. CasuldS], C. Ceballos SancheP, J. Cepild^], p CerellcPS], J. CerkaldHH, B. Chan^SI^ s. ChapelancPd 
M. ChartiePS j,l, CharveP^, S. Chattopadhyajh^, S. ChattopadhyajP^, V. ChelnokoP, M. ChernejPl 

C. CheshkoPS, B. CheynidEI], V. Chibante BarroscPl, D.D. Chinellat(P3 S. ChcPl, P. Chochulip] 

K. ChoPI, M. ChojnackP, S. ChoudhunP^ P. ChristakogloiP, C.H. ChristenseiP^, P. ChristianserP, 

T. ChujcP P S.U. C hungP C. Cic alcPSlL. CifarellPLiJ p. CindolcP^, J. CleymanP, p. Colamaridp 

D. Colell d^'^ I S ] A. ColliPM] m. ColoccP, G. Conesa Balbaslrdp Z. Conesa del Validol 
M.E. ConnorsJXJ, ContreraJSI pM. CormieP]^ y. Corrales Moraled^SI^ p Cortes MaldonadcP, 

P. Cortes dSI M .R. Cosenti ncP lA P. CostdSI R Cr oche Pd R. Cruz AlbincPI E. Cua utldSI L . CunqueircP] 

T. DahmdSEII A. DainesdfS] A. Danip] D. DadM] p DadSOMI s. DaP, A. DastPOHI s. Dashp] 

S. Pdi S] A. D e CarcPM] G. de CataldcPP C. de ContPS J. de C uvelandP A. De Pal cdp D. De 
GruttoldSED N, p)e MarccPSI s, p)e PasqualdSI^ A. Deistin^SEI] a. Deloff^, E. DenedfSE q DeplancPI 
P. DhankheilSI D. Di Barp] A. Di MaurdS R Di Nez ziPp, M .A. Diaz Corchercp] T. Dietep] 

P. DillensegeJSI R. DividSI^ 0. Djuvslancp] A. DobrirPIS] D. Domenicis Gimene 2 pllJ B. DonigudSI 
O. DordicP] T. DrozhzhovdSI A.K. DubejP^J A. DubldSI L. DucroudSLl R DupieuxP] RJ. EhlerdfSI 
D. Elidf22J H. EngeP-l E. Ep pldf^, B. ErazmudLl] i_ Erdemip] p ErhardP^J B. Espagnotp] 

M. EstienndfSI s. EsumPp j. Eunp] D. Evand^^, S. Evdokimo\hdJJ 0. EyyubovdPi L. PabbiettPE]^ 

D. PabridiSI] j PaivrdS] A. PantonP-l M. PaseP] p. Peldkamd^, A. PeliciellcPS] q Peofilo\fl^, 

J. Perencep], A. Pernandez TelleP, E.G. PerreirdSI, A. Perrettp] A. Pestantp]^ V.J.G. PeuillarcPEn] 

J. PigiePH M.A.S. PigueredcPUM] s. Pilchagiip] D. Pino^e\fe], P.M. PionddSI, p.M. Piord S] 

M. G. PleclP] M. PloridSI s. Poertsclp], P. PokdS] S. Pokid^, E. Pra^comcPI], A. PrancescoiPE], 

U. PrankenfelcP] U. PuchJSI q purgePH, A. Purd^, M. Pusco GirarcP] J.J. GaardhpjdSI, M. Gagliardp] 
A.M. GagcPSa, M. Gal lid^, D.R. GangadharadS] R GanotPMI 0. GacP, C. Garaba tod^d E. Garcia-Solid^^ 

C. GargiuldS P. GasifPMl^ pp. Gauge^^M. GermaidiSI a. GheatdS], M. GheatdSM], p GhoshPI] 

S.K. GhoslP, P. GianottP] R Giubellind ^^ I * [ P. GiubilatcP-l p. Gladysz-DziadudfLJ R GlasseP-l 

D. M. Gomez CoraP] A. Gomez RamiredS] y. GonzaleP] R Gonzalez-ZamordS] S. GorbunodS] 

L. GorlicriEAl^ s. GotovacPSI^ y GrabskPI Q.A. Gracho\SS] p,K. GraczykowskP^, K.L. Grahardf^, 

A. Grellp], A. GrigoradSI^ c. GrigoradSI^ y Grigoriep], A. Grigory ad^, S. Grigory adSI, B. Grinyo\E] 

N. GriodfS] jjvi. GronefeldSI^ J.p Grosse-Oet ring haudSl J.-Y. GrossiordfSI r, Gj-osscPI P. GubeP]^ 

R. GuernandSI, B. GuerzonPI K. GulbrandsedSTp. GunjP^, A. GuptdSI, R. GuptdSI^ R. HaakdSI 

O. HaalancP] C. HadjidakidSI, M. HaiducPI, H. HamagakdSI] G. HamaPI], j.w. HarridlSI, A. HartodSI, 

D. HatzifotiadorP®, S. HayashP^J, S.T. HeckePI, M. HeiddSI, H. HelstrupPI, A. HerghelegiiPI^ G. Herrera 
CorraP] B.A. HesdSI, K.F HetlancPI^ H. HillemanndSI^ B. Hippolytd^, R. Hosokawdf^, P. HristodSI 

M. Hua nj^ , T.J. HumanidSI, N. HussaidSI T. HussaidSI D. HutteJSI D.S. Hwan^P R. IlkaedSI, 

M. Inabd^^ M. IppolitodSEl] m. IrfadSI M. IvanodSI y. ivanodSI y. Izuchee\Pl], P.M. JacobdP 


19 



























































Measurement of electrons from heavy-flavour hadron decays in p-Pb collisions ALICE Collaboration 


M.B. Jadha\ElII S. Jadlovsk^dH^ j. jadlovskjEUHII C. JahnkJEH] M.J. Jakubowskdf^, HJ. Janj^, 

M.A. JanilJSI] RH.S.Y. Jayarathn^Ell q jgn^^, S. Jen^SI] r 'p Jimenez Bustamantd^, P.G. Jone^hdJ 
H. Jun#S A. JuskcIiS3 P. Kalinal;!^, A. Kalweii® J. KamirPIl J. H. pn jSIl y. KapliiJS] s. KaJSI] 

A. Karas u Uy saP^, O. Karaviche\E3 T. Karavichev^^, L. KarayaiJ^LlM] E. Karpeche\E^ U. Kebschulp] 

R. KeidefSlI D.L.D. Kei^neiEII M. Keii^, M. Mohisin Kharff^, P KhaJfSo]^ s.A. Khaitf^, A. Khanzadee\IHLl 
Y. Kharlo\EI] B. Kilen^, D.W. KinJSl D.J. KinflS] D. KinflS] H. KiniSIl j.s. KinJSl M. Kinff] 

M. KinffH, S. Kin ^ T KinJBIl s. KirschPIl I. Kiseffl, s. Kisele\EI] A. KisieffS] G. KisP3 J.L. Kla^, 

C. Kleirp] J. KleiiPiS] q. Klein-Bosin^, S. KlewiiJ^, A. Hug jSl m.L. Knichei^, A.G. Knospjni] 

T. KobayashfEI] C. Kobdajni] M. Kofaragcp] T. KolleggeiEM] A. KolojvarfSD V. Kondratie\Ei] 

N. Kondratyevas e. Kondratyu^f^ A. KonevskiklP^, M. Kopcilfni] M. KouJ^, C. KouzinopouloJ^, 

O. KovalenkcPS V. KovalenkcS^, M. Kowalski^ALI g. Koyithatta MeethaleveedjS] I. KralilJ^, 

A. Kravcakov^SlI m. Kret 2 E] M. Krivdd^^iillLI E. KrizeliSlI E. KrysheiPS M. KrzewickiSl A.M. Kuber^^ 

V. Kucer^^, C. KuhrPIl PG. KuijeJ^, A. KumaJ^, J. KumaJ®, L. KumaJ^, S. KumaiEHI P Kurashvilf^l 
A. KurepirpS a.B. KurepiiP^, A. KuryakirPS M.J. KweoiPS] y. KworP^, S.L. La PointjSo] p Pa Rocc^S] 

P. Ladron de Guevar^S C. Lagana Fernande^SfiJ, j, Lakomo\PS R. L ango >B^, C. Lar^^, A. LardeujPS 
A. LattuciP^, E. LaudpS R. LeiP^, L. LeardinPS G.R. LeJf^, S. LeJfS] p. LehaJ^n R.C. Lemmor PH 

V. LentPSi] p. Leograndd^, I. Leon MonzoiPdil jj. Leon Varga^^ M. LeoncindS] p LevafSH, S. LpPE], 

X. LpS J. LieiPS^ R, LietavdfSiJ S. LindaiS] V. LindenstruthlS] C. LippmaniP^ M.A. Lisd^, 

H.M. LjunggreiPS D.F. LodatcpS RJ. LoennJS], V. Logino\P^ C. LoizideJS] x. Lope 2 pS] E. Lopez TorreJ^ 
A. Lowd ^^^ f p. LuettiJ^, M. LunardoiP^, G. Luparelld^, A. Maevskayd^, M. MagePS S. MahajaiJ^, 

S. M. MahmoocPS A. Maird^, R.D. MajkcP^, M. Malae\PS I. Maldonado CervanteJ^, L. Malininal ‘“ l ^^ [ 

D. Mal’KevichPd P. MalzacheJ^, A. Mamono\®, V. MankcPS F. ManscP^, V. ManzarP^^SI] 

M. MarchisondSESHSl] j. Marei^, G.V. MargagliottP^ A. M argo ttP^, J. MarguttP^ A. MarfiP^, 

C. MarkerPdl] M. Marquarcp] N.A. MartiiP^ J. Martin BlanccpS] p MartinengdS] M.I. Martme2!S 

G. Martinez GarcfdEAl jyj. Martinez Pedreird^] A. MaP^, S. MasciocchPS M. Maserd^, A. MasonPSHI 

L. MassacriePdlJ A. MastrosericP^, A. MatyjdEIJ g. MayePfl] j, MazeP^, M.A. MazzonP^HI 

D. McdonalcP^HI E MeddP^, Y. MelikyaiPS( A. Menchaca-Rochd^, E. MeninncPf] J. Mercado Pere 2 pS 

M. Mered^, Y. MiakdSIl M.M. MieskolaineiP^ K. Mikhaylo\EEl] p. MilancP^ J. MilosevidSl 

L. M. MinervinPUail a. Mis chk^ A.N. Mis hrd^, D . MiskowiecpS J. MitrdSIl c.M. MitJ3, 

N. MohammadP^ B. MohannEPE^, p. MolnaPEllilJ L. Montano ZetindfEI E. MontedfEI D.A. Moreira De 
GodojEEl] L.A.P. MorendS S. MorettcPEI A. MorrealdE^ A. MorsclPEI^ y. MuccifordS] E. MudniJEE] 

D. MiihlheinPS S. MuhurP2] M. MukherjedEl] j.D. Mull^dES] m.G. MunhodEo] R.H. MunzeiEHU, 

S. Murra>P3 L. Musd^d J. MusinskjP^ B. NailPd R. NaiilS] B.K. Nandi® R. Nanidi®, E. NappP®, 

M. U. Nani®, H. Natal da LutP®, C. NattrasP®, K. Nayak!®, T.K. NayakE®, S. Nazarenkd®, A. Nedosekiii®, 
L. Nelleii®, F. N^f®, M. Nicassid®, M Nic ulescd®, J. Niedzield®, B.S. Nielseii®, S. Nikolae\i®, 

S. Nikuliii®, V. Nikuliii®, F. NoferinP ^ [ P. Nomokonod®, G. Nooreii®, J.C.C. NoriJEl^ J. NormaiP®, 

A. Nyaniii®, j. Nystrand® H. Oeschleil®, S. OlP®, S.K. Oli®, A. Ohlsoii®, A. Okataii®, T. Okubd®, 

L. OlatP®, J. Oleniacdf®, A.C. Oliveira Da Silvdf®, M.H. OliveP®, J. Onderwaatei®, C. OppedisancP®, 

R. Oravd®, A. Ortiz Velasqued®, A. Oskarssoii®, J. OtwinowskP® K. Oyamd®®, M. Ozdemii®, 

Y. Pachmayei®, P. Pagand® G. Paid®, S.K. PaP® j. PadSi] A.K. Pandejl®, P. PapcuiP®, V. Pa pikya ijhl, 
G.S. PappalardcP® R Pareek®, W.J. Park!®, S. Parmai®, A. Passfeld®, V. PaticchicP®, R.N. Patrdf®, 

B. PauP® H. PeP^, T. Peitzmanii®, H. Pereira Da Costd®, E. Pereira De Oliveira FilhcP® D. Peresunkd®®, 

C. E. Perez Lard®, E. Perez Lezamd®, V. Peskod®, Y. Pestox® V. PetracelPE] y Retrod®-!, m. Petrovici®, 

C. Pettd®, S. PiancP®, M. Piknd®, P. PilloP®, O. Pinazzdf®®^ p. PinskjP®, D.B. Piyarathndf®, 

M. Ploskod®, M. PlaninicP®, J. Plutdf®, S. Po chyb ovdf®, PL.M. Podesta-Lermdf®, M.G. Poghowaii®® 

B. PolichtchoukP®, N. P^alP®, W. PoonsawaP®, A. P od® , S. Porteboeuf-Houssaid®, J. Ported® 

J. Pospisii®, S.K. PrasadS R. Preghenelld®!®, F. PrincP®, C.A. PruneaiP®, I. Pshenichnod®, M. Puccid®, 
G. Puddii®, P. PujaharP®, V. Puniii®, J. Putschkdf®, H. Qvigstad®, A. RachevskP®, S. RahdS, S. Rajpui®, 
J. RalP®, A. Rakotozafindrabd®, L. Ramelld®, F. Rami®, R. Raniwald®, S. Raniwald®, S.S. Rasaned®^ 

B. T. R ascand® , D. Rathed®, K.F. ReacP®®, K. Redlicd® R.J. ReecP®, A. Rehmaii®, P. Reicheli®, 

F. Reidi®®, X. ReiP, R. Renfordi®, A.R. Reolod®, A. Reshetid®, J.-P. RevoPS K. R^erd®, V. Riabod®, 
R.A. Ricci®, T. Richer ^, M . Richtei®, P. Riedleil®, W. Rie^i®, F. Riggi®, C. Risted® E. Roccd®, 

M. Rodri guez CahuantzP®d A. Rodriguez Mansd®, K. RpecP^] E. R ogoch ayd®, D. Rohi® D. Rohricli®, 

R. RomitS®, F. Ronchetti®®, L. RonfletteP®, P. Rosnei®, A. Rossi®®, F. Roukoutakid®, A. Rod® 

C. Rod®, R Ro}U®, A.J. Rubio Monterd®, R. Rui®, R. Russd®, E. Ryabinkid®, Y. Ryabod® 

A. RybickP®, S. SadovskjP®, K. Safafili®, B. Sahlmullei®, P. Sahod® R. Sahod®, S. Sahod®, 


20 

















































Measurement of electrons from heavy-flavour hadron decays in p-Pb collisions ALICE Collaboration 


P.K. SahJSI] J. Sainif^, S. Sakai^, M.A. Salehl^I] j. Salzwedei^, S. Sanibyai^, V. Samsono\E3 L. SandoJ^, 
A. SandovaPS, M. SancU^, D. SarkaiEll^ E. Scapparondf^, F. Scarlassar^^, C. Schiau^^ R. SchickeJ^, 

C. Schmidi^, H.R. SchmidiSl s. SchuchmaniJ^ j. SchukrafPS M. Schulc® T. SchusteiES]^ y. Schutj ^^E^ I 
K. Schwar2!^, K. Schwedii^, G. Scioli^, E. ScomparirlHo] R. Scotf^H, M. Sefcfl gll J.E. Seg eJ^, 

Y. Sekiguchif^, D. Sekihatd^, I. Selyuzhenko\E3, k. Senosi^, S. Senyuko\EElII, E. Serradill^^^Sl 

A. Sevcencd^, A. Shabano\J^, A. ShabetafSI] O. Shadur^^, R. Sh ahoya rl^, A. Shangarae\hdiJ y, Sharmd^, 
M. Sharm^, M. Sharm^, N. Sharm^, K. Sh igakjS Il K. Shtejei^lSlI y SibiriakEl S. Siddhant^2ll 
K.M. Siele wicj^ , T. SiemiarczulfEZ] D. Silve rmy j^"^ ^4 1 q Silvestr G. S imatovi cd^ , G. Simonetti^, 

R. SingarajJfp, R. SingtJ^, S. SinghiiS^^, V. SinghafSIl B.C. Sinh^^, T. SinhipLl b. Sitai^i] M. SittJ^ 
T.B. SkaaliSIl M. SlmeckfiS] N. Smirno\ES] rj.m. Snelling^, T.W. SnellmaiP^ C. SpgaardSl, j. Son^, 
M. Son^SZI z. Son^, E. Soramei^, S. Sorenserl^l] p. SozzP^ M. Spaceli® E. Spiriti^, I. Sputowsk^dS 

M. Spyropoulou-Stassinaki®, J. Stachei^, I. StaiJ^, G. StefanelC^ E. StenlundSl G. SteyiJ^, J.H. StilleJ^, 

D. StocccfldAI R StrmerP^ A.A.P. SuaidJf^, T. SugitatelS] C. Suire&, M. Suleymano\B^, M. SuljicP^, 

R. Sultano\J^, M. Sumber^^, A. Szabd^, A. Szanto de ToledcP^^, I. Szark^S A. Szczepankiewic 2 pS] 

M. Szymanskif^, U. TabassanJf^, J. TakahashfED, G.J. Tambav^f^, N. Tanakdf^, M.A. TangardSl 

M. TarhiniSH, M. Taricpl M.G. TarziliP^, A. TaurdS] Q. Tejeda Muno 2 E] A. TelescP], K. TerasakfEII 
C. Terrevoli^, B. Teyssie^SH] j. Thade^S D. ThomadS^ R. TieuleniSS] a.R. Timmindf^, A. ToidSH, 

S. TrogoldS] G. Trombettff], V. Trubniko\EI, W.H. Trzaskdf^, T. Tsuj lf^, A. Tumkid^, R. TurrisfSI] 

T. S. TveteiEZ] k. UllalancfSl A. UraJES]^ q.L. Usap], A. UtrobicicP^ M. VajzeiEI, M. Vald^, L. Valencia 
PalomcPS, S. VallercP^ J. Van Der Maarei^, J.W. Van Hoornd^, M. van Leeuwed^, T. Vanaff^, P. Vande 
Vyvrd^, D. Vargdf^, A. V^gaPJ, M. Vargyad^^, R. Varmd®], M. Vasileiod^, A. Vasilie\E3, a. VauthiejEHI, 

V. VechernidSD A.M. VeerP3 M. Veldhoerl^, A. VelurdiS M. VenaruzzcPS E. Vercellid^, S. Vergara 
Limod^, R. Vernei^ M. VerweiJSi], L. VickovicfldLl, G. Viesti^^, J. ViinikainedEll, Z. VilakazfELl, 

O. Villalobos BaillidfSD^ a. Villatoro Telld^, A. Vinogrado\E3 L. Vinogrado\EI], y Vinogradod^SJil 
T. VirgiliS], V. VislaviciuJS]^ Y.P ViyogP^, A. Vodopyano ^, M .A. Volki^IC VoloshiiPd 
S.A. VoloshidSH^ G. VolpdiS], B. von Hailed^] p Vor^e\EM], d. Vranid^^ ^, J. V rlakovdS], 

B. VulpesciP^, A. Vyushid^, B. Wagnei^^, J. Wagne:!^, H. WanJ^, M. Wand^-EdH^ d, Watanabd^I], 

Y. WatanabdEII, M. WebedDIIl] 5 q. WebeiEHI D.E. WeisejEH, J.p WesselJSl u. WesterhoflE] 

A. M. WhiteheacP], J. WiechuldS, J. WikndSl M. WilddH] G. WilfPIl j. WilkinsodEI M.C.S. WilliamdEII 

B. WindelbancSl] M. Wind^, C.G. YalddSI], h. Yan#3 P. Yan^^, S. YandSl C. YasaiEI Z. YirR 

H. Yokoyamdf^, I.-K. Yod^, J.H. Yood^, V. YurchenkcPd I. Yushmano\E] A. Zaborowskd^E] y. Zaccold^, 
A. Zamadi^ C. Zampollif^iJ H.J.C. ZanolfEH] s. ZaporozhetJ^, N. Zardoshtif^LI A. ZarochentsedEd 

P. ZavaddEI N. Zaviyalo\E] H. ZbroszczylsPlI ps. ZgurdEl M. Zhalo\E] H. ZhandEI X. ZhanJE] 

Y. Zh anffl, C . Zhan^, Z Zh an#] C. ZhadSl, N. Zhigarevd^, D. Z hoiP, Y . ZhodlS Z. ZhoiPd H. Zhdl^ 

J. ZhdnSE] A. ZichichP^-E2J A. Zimmermand^, M.B. ZimmermandEEl G. Zinovje\E M. ZyzakPd 


Affiliation notes 

‘ Deceased 

“ Also at: Georgia State University, Atlanta, Georgia, United States 
Also at: M. V. Lomonosov Moscow State University, D. V. Skobeltsyn Institute of Nuclear, Physics, 
Moscow, Russia 


Collaboration Institutes 

* A.I. Alikhanyan National Science Laboratory (Yerevan Physics Institute) Eoundation, Yerevan, Armenia 
^ Benemerita Universidad Autonoma de Puebla, Puebla, Mexico 
^ Bogolyubov Institute for Theoretical Physics, Kiev, Ukraine 

^ Bose Institute, Department of Physics and Centre for Astroparticle Physics and Space Science (CAPSS), 
Kolkata, India 

^ Budker Institute for Nuclear Physics, Novosibirsk, Russia 

® California Polytechnic State University, San Luis Obispo, California, United States 
^ Central China Normal University, Wuhan, China 
^ Centre de Calcul de 1TN2P3, Villeurbanne, Prance 

® Centro de Aplicaciones Tecnologicas y Desarrollo Nuclear (CEADEN), Havana, Cuba 
*** Centro de Investigaciones Energeticas Medioambientales y Tecnologicas (CIEMAT), Madrid, Spain 
* * Centro de Investigacion y de Estudios Avanzados (CINVESTAV), Mexico City and Merida, Mexico 


21 































Measurement of electrons from heavy-flavour hadron decays in p-Pb collisions ALICE Collaboration 


Centro Fermi - Museo Storico della Fisica e Centro Studi e Ricerche “Enrico Fermi”, Rome, Italy 

Chicago State University, Chicago, Illinois, USA 

China Institute of Atomic Energy, Beijing, China 

Commissariat a I’Energie Atomique, IREU, Saclay, Erance 

COMSATS Institute of Information Technology (CUT), Islamabad, Pakistan 

Departamento de Efsica de Particulas and IGPAE, Universidad de Santiago de Compostela, Santiago de 
Compostela, Spain 

Department of Physics and Technology, University of Bergen, Bergen, Norway 

Department of Physics, Aligarh Muslim University, Aligarh, India 

Department of Physics, Ohio State University, Columbus, Ohio, United States 

Department of Physics, Sejong University, Seoul, South Korea 

Department of Physics, University of Oslo, Oslo, Norway 

Dipartimento di Elettrotecnica ed Elettronica del Politecnico, Bari, Italy 

Dipartimento di Eisica delTUniversita ’La Sapienza’ and Sezione INEN Rome, Italy 

Dipartimento di Eisica delTUniversita and Sezione INEN, Cagliari, Italy 

Dipartimento di Eisica delTUniversita and Sezione INEN, Trieste, Italy 

Dipartimento di Eisica delTUniversita and Sezione INEN, Turin, Italy 

Dipartimento di Eisica e Astronomia delTUniversita and Sezione INEN, Bologna, Italy 

Dipartimento di Eisica e Astronomia delTUniversita and Sezione INEN, Catania, Italy 

Dipartimento di Eisica e Astronomia delTUniversita and Sezione INEN, Padova, Italy 

Dipartimento di Eisica ‘E.R. Caianiello’ delTUniversita and Gruppo Collegato INEN, Salerno, Italy 

Dipartimento di Scienze e Innovazione Tecnologica delTUniversita del Piemonte Orientate and Gruppo 

Collegato INEN, Alessandria, Italy 

Dipartimento Interateneo di Eisica ‘M. Merlin’ and Sezione INEN, Bari, Italy 
Division of Experimental High Energy Physics, University of Lund, Lund, Sweden 
Eberhard Karls Universitat Tubingen, Tubingen, Germany 
European Organization for Nuclear Research (CERN), Geneva, Switzerland 
Excellence Cluster Universe, Technische Universitat Miinchen, Munich, Germany 
Eaculty of Engineering, Bergen University College, Bergen, Norway 

Eaculty of Mathematics, Physics and Informatics, Comenius University, Bratislava, Slovakia 
Eaculty of Nuclear Sciences and Physical Engineering, Czech Technical University in Prague, Prague, 
Czech Republic 

Eaculty of Science, P.J. Safarik University, Kosice, Slovakia 

Eaculty of Technology, Buskerud and Vestfold University College, Vestfold, Norway 

Erankfurt Institute for Advanced Studies, Johann Wolfgang Goethe-Universitat Erankfurt, Erankfurt, 

Germany 

Gangneung-Wonju National University, Gangneung, South Korea 
Gauhati University, Department of Physics, Guwahati, India 
Helsinki Institute of Physics (HIP), Helsinki, Einland 
Hiroshima University, Hiroshima, Japan 
Indian Institute of Technology Bombay (IIT), Mumbai, India 
Indian Institute of Technology Indore, Indore (IITI), India 
Inha University, Incheon, South Korea 

Institut de Physique Nucleaire d’Orsay (IPNO), Universite Paris-Sud, CNRS-IN2P3, Orsay, Prance 
Institut fiir Informatik, Johann Wolfgang Goethe-Universitat Erankfurt, Erankfurt, Germany 
Institut fiir Kernphysik, Johann Wolfgang Goethe-Universitat Erankfurt, Erankfurt, Germany 
Institut fiir Kernphysik, Westfalische Wilhelms-Universitat Munster, Miinster, Germany 
Institut Pluridisciplinaire Hubert Curien (IPHC), Universite de Strasbourg, CNRS-IN2P3, Strasbourg, 
Prance 

Institute for Nuclear Research, Academy of Sciences, Moscow, Russia 

Institute for Subatomic Physics of Utrecht University, Utrecht, Netherlands 

Institute for Theoretical and Experimental Physics, Moscow, Russia 

Institute of Experimental Physics, Slovak Academy of Sciences, Kosice, Slovakia 

Institute of Physics, Academy of Sciences of the Czech Republic, Prague, Czech Republic 

Institute of Physics, Bhubaneswar, India 

Institute of Space Science (ISS), Bucharest, Romania 


22 



Measurement of electrons from heavy-flavour hadron decays in p-Pb collisions ALICE Collaboration 


Instituto de Ciencias Nucleares, Universidad Nacional Autonoma de Mexico, Mexico City, Mexico 
Instituto de Ffsica, Universidad Nacional Autonoma de Mexico, Mexico City, Mexico 
iThemba LABS, National Research Foundation, Somerset West, South Africa 
Joint Institute for Nuclear Research (JINR), Dubna, Russia 
Konkuk University, Seoul, South Korea 

Korea Institute of Science and Technology Information, Daejeon, South Korea 
KTO Karatay University, Konya, Turkey 

Laboratoire de Physique Corpusculaire (LPC), Clermont Universite, Universite Blaise Pascal, 
CNRS-IN2P3, Clermont-Ferrand, France 

Laboratoire de Physique Subatomique et de Cosmologie, Universite Grenoble-Alpes, CNRS-IN2P3, 
Grenoble, France 

Laboratori Nazionali di Frascati, INFN, Frascati, Italy 

Laboratori Nazionali di Legnaro, INFN, Legnaro, Italy 

Lawrence Berkeley National Laboratory, Berkeley, California, United States 

Moscow Engineering Physics Institute, Moscow, Russia 

Nagasaki Institute of Applied Science, Nagasaki, Japan 

National Centre for Nuclear Studies, Warsaw, Poland 

National Institute for Physics and Nuclear Engineering, Bucharest, Romania 
National Institute of Science Education and Research, Bhubaneswar, India 
*** Niels Bohr Institute, University of Copenhagen, Copenhagen, Denmark 
Nikhef, Nationaal instituut voor subatomaire fysica, Amsterdam, Netherlands 
Nuclear Physics Group, STEC Daresbury Laboratory, Daresbury, United Kingdom 
Nuclear Physics Institute, Academy of Sciences of the Czech Republic, Rez u Prahy, Czech Republic 
Oak Ridge National Laboratory, Oak Ridge, Tennessee, United States 
Petersburg Nuclear Physics Institute, Gatchina, Russia 
Physics Department, Creighton University, Omaha, Nebraska, United States 
Physics Department, Panjab University, Chandigarh, India 
Physics Department, University of Athens, Athens, Greece 
Physics Department, University of Cape Town, Cape Town, South Africa 
Physics Department, University of Jammu, Jammu, India 
Physics Department, University of Rajasthan, Jaipur, India 
Physik Department, Technische Universitat Miinchen, Munich, Germany 
Physikalisches Institut, Ruprecht-Karls-Universitat Heidelberg, Heidelberg, Germany 
Purdue University, West Lafayette, Indiana, United States 
Pusan National University, Pusan, South Korea 

Research Division and ExtreMe Matter Institute EMMI, GSI Helmholtzzentrum fiir 

Schwerionenforschung, Darmstadt, Germany 

Rudjer Boskovic Institute, Zagreb, Croatia 

Russian Eederal Nuclear Center (VNIIEE), Sarov, Russia 

Russian Research Centre Kurchatov Institute, Moscow, Russia 

Saha Institute of Nuclear Physics, Kolkata, India 

School of Physics and Astronomy, University of Birmingham, Birmingham, United Kingdom 

Seccion Efsica, Departamento de Ciencias, Pontificia Universidad Catolica del Peru, Lima, Peru 

Sezione INEN, Bari, Italy 

Sezione INEN, Bologna, Italy 

Sezione INEN, Cagliari, Italy 

Sezione INEN, Catania, Italy 

Sezione INEN, Padova, Italy 

Sezione INEN, Rome, Italy 

Sezione INEN, Trieste, Italy 

Sezione INEN, Turin, Italy 

*" SSC IHEP of NRC Kurchatov institute, Protvino, Russia 

Stefan Meyer Institut fiir Subatomare Physik (SMI), Vienna, Austria 

SUBATECH, Ecole des Mines de Nantes, Universite de Nantes, CNRS-IN2P3, Nantes, Erance 
' Suranaree University of Technology, Nakhon Ratchasima, Thailand 
Technical University of Kosice, Kosice, Slovakia 


23 



Measurement of electrons from heavy-flavour hadron decays in p-Pb collisions ALICE Collaboration 


' Technical University of Split FESB, Split, Croatia 

* The Henryk Niewodniczanski Institute of Nuclear Physics, Polish Academy of Sciences, Cracow, Poland 
The University of Texas at Austin, Physics Department, Austin, Texas, USA 
Universidad Autonoma de Sinaloa, Culiacan, Mexico 
Universidade de Sao Paulo (USP), Sao Paulo, Brazil 
Universidade Estadual de Campinas (UNICAMP), Campinas, Brazil 
University of Houston, Houston, Texas, United States 
University of Jyvaskyla, Jyvaskyla, Einland 
University of Liverpool, Liverpool, United Kingdom 
University of Tennessee, Knoxville, Tennessee, United States 
University of the Witwatersrand, Johannesburg, South Africa 
University of Tokyo, Tokyo, Japan 
University of Tsukuba, Tsukuba, Japan 
University of Zagreb, Zagreb, Croatia 

Universite de Lyon, Universite Lyon 1, CNRS/IN2P3, IPN-Lyon, Villeurbanne, Prance 
V. Pock Institute for Physics, St. Petersburg State University, St. Petersburg, Russia 
Variable Energy Cyclotron Centre, Kolkata, India 
133 Warsaw University of Technology, Warsaw, Poland 

Wayne State University, Detroit, Michigan, United States 
135 Wigner Research Centre for Physics, Hungarian Academy of Sciences, Budapest, Hungary 
Yale University, New Haven, Connecticut, United States 
Yonsei University, Seoul, South Korea 

Zentrum fiir Technologietransfer und Telekommunikation (ZTT), Pachhochschule Worms, Worms, 
Germany 


24 



